Two experiments were conducted to determine the effect of corn processing method and corn wet distillers grains plus solubles (WDGS) level on steer performance and metabolism. In Exp. 1, 480 crossbred steer calves (314 ± 18 kg of BW) were used in a finishing experiment with a randomized complete block design and a 3 × 4 treatment structure. Diets were based on dry-rolled (DRC), high-moisture (HMC), or steam-flaked corn (SFC) with increasing levels of WDGS (0, 15, 27.5, or 40%; DM basis). A corn processing × WDGS level interaction (P < 0.01) was observed for ADG and G:F. Average daily gain and G:F increased linearly (P < 0.01) in steers fed DRC; ADG increased quadratically (P = 0.04) and G:F increased linearly (P = 0.02) in steers fed HMC; and ADG decreased quadratically (P = 0.02) with no change in G:F (P = 0.52) in steers fed SFC as WDGS increased. In Exp. 2, 7 ruminally fistulated steers (440 ± 41 kg of BW) were used in a 6-period crossover design with 3 × 2 factorial treatment structure. Diets were the same as those fed in Exp. 1, except they contained only 2 levels of WDGS (0 or 40% of diet DM). Total tract starch digestibility was greater (P < 0.01) for steers fed SFC than for steers fed DRC or HMC. Minimum ruminal pH was less (P < 0.01) for steers fed SFC than for steers fed HMC or DRC. Variance of ruminal pH was different among all 3 processing methods with DRC < HMC < SFC (P < 0.10). In situ 22-h DM digestibility of DRC and HMC and starch digestibility of DRC were greater (P < 0.10) in steers fed DRC compared with steers fed HMC or SFC. Steers fed 0% WDGS had less (P ≤ 0.02) intake of DM, OM, NDF, and ether extract compared with steers fed 40% WDGS. Total tract digestibility of DM and OM was greater (P ≤ 0.08) and digestibility of ether extract tended (P = 0.11) to be less for steers fed 0% WDGS compared with steers fed 40% WDGS. Maximum ruminal pH and pH variance were greater (P ≤ 0.08) in steers fed 0% WDGS. A corn processing × WDGS level interaction (P = 0.09) was observed for ruminal acetate to propionate ratio (A:P). Within diets containing 0% WDGS, A:P in steers fed SFC was less (P ≤ 0.08). In diets containing 40% WDGS, A:P was similar between processing methods and not different from the SFC with 0% WDGS. The corn processing × WDGS level interaction observed in the finishing experiment may be due to the decreased ruminal A:P in DRC and HMC diets with 40% WDGS.
INTRODUCTION
Corn is commonly processed in cattle finishing rations to increase utilization of starch, thereby improving animal performance. Huck et al. (1998) reported improvements in G:F of 1.0 and 10.5% when steers were fed diets based on high-moisture corn (HMC) and steam-flaked corn (SFC), respectively, compared with steers fed dry-rolled corn (DRC) based diets. These differences were likely the result of corn processing method on site and extent of starch digestion. In experiments directly comparing DRC, HMC, and SFC, ruminal starch digestion averaged 77.0, 90.5, and 86.3%, and total tract starch digestion averaged 96.2, 98.9, and 99.5% for DRC, HMC, and SFC, respectively (Galyean et al., 1976; Cooper et al., 2002b) .
Wet distillers grains plus solubles (WDGS) from the dry-milling industry serve as a source of supplemental protein for finishing cattle. Vander Pol et al. (2008) reported that, in diets containing 30% corn WDGS, steers fed a diet based on HMC and DRC had ADG that were greater and G:F that were equal or greater than steers fed a diet based on SFC. In diets containing no WDGS, G:F was greater in SFC-based diets compared with diets based on HMC and DRC (Huck et al., 1998; Cooper et al., 2002a) .
The different responses in G:F to corn processing method in diets containing 0 and 30% WDGS indicate that there is an interaction between corn processing method and WDGS inclusion in cattle finishing diets. Therefore, 2 experiments were conducted to examine the effects of corn processing method and corn WDGS inclusion level on feedlot performance, nutrient digestibility, and rumen metabolism of finishing steers.
MATERIALS AND METHODS
All procedures involving animal care and management were approved by the University of Nebraska's Institutional Animal Care and Use Committee.
Exp. 1
A 168-d finishing experiment was conducted using 480 predominantly Angus crossbred steers (314 ± 18 kg initial BW). A randomized complete block design was utilized with a 3 × 4 factorial treatment structure. The first factor was corn processing method (DRC, HMC, or SFC), and the second factor was WDGS dietary inclusion level (0, 15, 27.5, and 40%; DM basis). The greatest level of WDGS was chosen because Vander Pol et al. (2008) reported that optimal G:F in finishing steers was achieved with 40% WDGS (DM basis) in diets based on a 1:1 ratio of HMC and DRC. Upon arrival at the feedlot, steers were individually identified, vaccinated with Bovi-Shield Gold 5 and Somubac (Pfizer Animal Health, New York, NY), and injected with Dectomax Injectable (Pfizer Animal Health). Steers were revaccinated approximately 16 d after initial processing with Bovi-Shield Gold 5, Somubac, and Ultrachoice 7 (Pfizer Animal Health). These procedures were performed before initiation of the experiment. Seven days before initiation of the experiment, steers were limit fed (2% of BW daily) a diet containing 33% DRC, 33% wet corn gluten feed, 33% alfalfa hay, and 1% supplement (DM basis). Steers were weighed on d 0 and 1 of the experiment, and the average of the 2 measurements was used as initial BW. Steers were blocked by BW into 3 blocks and assigned randomly within block to 1 of 48 feedlot pens (10 steers/pen). Block 1 contained 240 steers (BW 299 ± 8 kg); block 2 contained 120 steers (BW 319 ± 5 kg); and block 3 contained 120 steers (BW 337 ± 12 kg). Pens were assigned randomly to 1 of 12 treatments. On d 1 of the experiment, steers were implanted with Synovex-S (Fort Dodge Animal Health, Overland Park, KS). On d 50 of the experiment, steers were reimplanted with Synovex-Choice (Fort Dodge Animal Health) and treated with Durasect II (Pfizer Animal Health).
Feedbunks were assessed at approximately 0630 h and managed so that only traces of feed were left in the bunk each morning at feeding time. Accumulated feed refusals were removed from feedbunks as needed and were dried for 48 h at 60°C in a forced-air oven to determine DM. Diets were fed once daily at approximately 0800 h. Before feeding final experimental diets, a series of 4 diets containing 45, 35, 25 , and 15% alfalfa hay (DM basis) were fed for 3, 4, 7, and 7 d, respectively, with corn replacing alfalfa hay in each diet. Inclusion level of WDGS was the same in the adaptation diets as in the final experimental diets for each treatment. Final experimental diets (Table 1 ) contained 7.5% alfalfa hay, 5% dry meal supplement, and varying proportions of corn and corn WDGS (Abengoa Bioenergy, York, NE). The supplement provided 39 mg of monensin/kg of diet DM (Elanco Animal Health, Greenfield, IN), 8 mg of tylan/kg of diet DM (Elanco Animal Health), and 13 mg of thiamine/kg of diet DM. Composition of WDGS was 34.1% DM, 30.9% CP (DM basis), 36.9% NDF (DM basis), 12.2% ether extract (DM basis), and 0.79% S (DM basis) based on composited weekly samples. Steam-flaked corn was processed to a flake density of 0.42 kg/L (28 lb/bu) at a commercial feedlot and delivered 3 times per week. High-moisture corn was harvested at a DM content of 70.0%. The DRC and HMC were processed through the same double roller mill, with HMC being processed before ensiling in a bunker silo. Molasses was included in the 0% WDGS diets to prevent dust and separation of the dietary ingredients. Corn gluten meal was also included in the 0% WDGS diets until d 126 of the experiment to address an MP deficiency predicted by the NRC model (NRC, 1996) . From d 1 to 42 of the experiment, corn gluten meal replaced 4.3% (DM) of the corn in the 0% WDGS diets. The level of corn gluten meal in the diet was decreased every 3 wk thereafter to 3.67, 3.21, 2.06, 0.88, and 0.32% of the diet DM until the NRC model predicted that the MP requirement was met with the basal diet. Dietary CP averaged 13.0, 14.2, 15.7, and 18.6% for diets containing 0.0, 15.0, 27.5, and 40.0% WDGS, respectively. Therefore, any response to WDGS will most likely be attributed to an energy response based on the current knowledge of protein requirements for finishing beef cattle.
Steers in the heavy (n = 120) and medium (n = 120) BW blocks were slaughtered on d 167, and steers in the light (n = 240) BW block were slaughtered (Greater Omaha Packing Co. Inc., Omaha, NE) on d 168. All carcass data were collected by trained personnel from the University of Nebraska, Lincoln. Liver abscess and HCW data were recorded on the day of slaughter. Marbling score, 12th-rib fat thickness, LM area, and KPH were recorded after a 48-h chill. Final BW, ADG, and G:F were calculated based on HCW adjusted to a common yield of 63%. However, cattle were weighed before shipping, and BW were shrunk 4% to obtain a dressing percentage. Yield grade was calculated using the carcass measurements and the formula of Boggs et al. (1998) .
Performance and carcass data were analyzed as a randomized complete block design using the MIXED procedure (SAS Inst. Inc., Cary, NC). Factors included in the model were processing method, WDGS inclusion level, and processing method × WDGS inclusion level. The random variable was BW block, and pen was the experimental unit. PROC IML was used to generate coefficients used to test for liner and quadratic effects of WDGS level. These orthogonal contrasts were used to detect linear and quadratic effects of WDGS inclusion level across all corn processing treatments when no significant interaction existed and within corn processing treatment when a significant interaction (P < 0.10) was present.
Exp. 2
Seven ruminally cannulated crossbred steers (440 ± 41 kg of BW) were used in a 6-period crossover study. A 3 × 2 factorial treatment structure was used. The first factor was corn processing method (DRC, HMC, or SFC), and the second factor was WDGS inclusion level (0 or 40% of diet DM; Table 1 ). Corn was processed similarly to Exp. 1. The WDGS used in this trial was from the same source as Exp. 1, and the analysis from the same laboratory was similar to Exp. 1: 34.5% DM, 30.9% CP (DM basis), 36.1% NDF (DM basis), 12.1% ether extract (DM basis), and 0.67% S (DM basis) based on composited weekly samples. Before initiation of the experiment, steers were acclimated to finishing diets using the same adaptation procedures described in Exp. 1, with the exception that all diets were based on an equal mixture (DM basis) of DRC, HMC, and SFC. Steers were assigned randomly to 1 of 2 groups. Group 1 steers were assigned to diets containing 0% WDGS during the first 3 periods and diets containing 40% WDGS during the final 3 periods, whereas group 2 steers were assigned to diets containing 40% WDGS during the first 3 periods and diets containing 0% WDGS during the final 3 periods. Steers were then assigned randomly to corn processing method treatments within these groups for periods 1 to 3 and then for periods 4 to 6. A 2-wk transition period where diets based on an equal mixture (DM basis) of DRC, HMC, and SFC was included between periods 3 and 4. During the transition period, group 2 steers were fed decreasing levels of WDGS as follows: d 1 to 4, 30%; d 5 to 10, 20%; and d 11 to 14, 10% WDGS. Group 1 steers were switched immediately to diets containing 40% WDGS. The WDGS for group 2 steers was gradually replaced Formulated to be fed at 5% of diet DM.
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Tallow was used in Exp. 1, and molasses was used in Exp. 2.
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Premix contained 10% Mg, 6% Zn, 4.5% Fe, 2% Mn, 0.5% Cu, 0.3% I, and 0.05% Co.
by corn to allow steers time to adapt to the greater amounts of ruminally digestible starch present in the diets containing no WDGS. Feed calls were made, feed refusals were removed, and the daily feed allotment was delivered at approximately 0730 h. Period duration was 21 d and consisted of a 15-d adaptation period followed by a 5-d fecal sample and pH data collection period, and a 1-d in situ incubation. Chromic oxide (7.5 g/dose) was dosed intraruminally at 0800 and 2000 h daily beginning on d 11 in each period. On d 16 to 20, fecal samples were collected daily at 0800, 1400, and 2000 h. Continuous ruminal pH and feed intake measurements were taken on d 16 to 21. On d 20, rumen fluid samples were collected at 0, 3, 6, 9, 12, 15, and 24 h after feeding for VFA analysis. In situ incubations were performed on d 21 of each period.
Samples included in the in situ portion of the experiment were DRC, HMC, SFC, WDGS, and dried corn bran from the wet milling industry. Corn bran is the pericarp of the corn kernel. Corn (DRC, HMC, and SFC) were incubated as masticated corn to mimic corn that would enter the rumen. Masticated corn samples were prepared as follows. Rumen contents of 3 ruminally cannulated steers were completely removed, and approximately 1 kg of DRC, HMC, or SFC from Exp. 1 was placed in the feed bunk of 1 steer. After 20 min, corn consumed by each steer was removed from the rumen and immediately frozen. This process was repeated on 2 subsequent days until a masticated sample from each steer was collected for DRC, HMC, and SFC. Masticated corn samples from each steer were composited within their respective processing methods and used as-is in the in situ experiment. Samples of WDGS were taken from a composite sample from the WDGS used in Exp. 1 and used as is. Approximately 8 g of DM of each feed sample was placed in Dacron bags (10 × 20 cm; Ankom Inc., Fairport, NY) with an average pore size of 50 µm, and the bags were sealed. Two bags containing each feed type were placed in the rumen on d 21 immediately before feeding, and all samples were removed after a 22-h incubation and samples were then immediately frozen. The incubation time of 22 h represents 75% of the mean retention time calculated from the inverse of a passage rate of 3.44%/h (Shain et al., 1999) . After the final period, all samples were thawed and machine washed, along with 2 bags of each sample that were not incubated, in 39°C water for 5 cycles of 1 min of agitation and 2 min of spin per cycle (Whittet et al., 2003) . Bags that were not incubated were used to determine the amount of the sample that washed out without incubation.
Fecal samples were analyzed for chromium concentration using atomic absorption spectrophotometry (Varian Spectra AA-30; Williams et al., 1962) to determine total fecal output. Samples of feces, feed, and feed refusals were dried for 48 h at 60°C in a forcedair oven. These samples were then ground using a Cyclotech 1093 Sample Mill (Foss Tecator, Eden Prairie, MN) fitted with a 1-mm screen and analyzed for OM, starch, NDF, and ether extract content. Percent OM was determined by ashing samples at 600°C in a furnace for 6 h. Starch concentrations were determined using a commercially available colorimetric kit (Megazyme, Wicklow, Ireland), and samples were read at 510 nm using a Spectramax 250 spectrophotometer (Molecular Devices Corp., Sunnyvale, CA). For determination of NDF percentages, samples were placed in filter bags (Ankom Inc.) and the fat was extracted by soaking the bags twice in ethanol for 6 min. Bags were then washed in 100°C NDF solution (Midland Scientific, Omaha, NE) containing 7.5 g of NaSO 3 and 2.5 mL of heat stable α-amylase (Ankom Inc.) per liter using an Ankom 200 fiber analyzer (Ankom Inc.). Filter bags were then rinsed 3 times for 3 min using 100°C distilled water. In the first and second rinses, 2 and 1.5 mL/L of α-amylase solution were used, respectively. Ether extract content was determined using the method of the AOAC (1965) .
In situ bags were dried for 48 h at 60°C in a forcedair oven to determine in situ DM digestibility. Bags containing DRC, HMC, and SFC were also analyzed for starch content using methods described previously to determine 22-h starch digestibility of those samples. Bags containing WDGS or corn bran were also soaked in ethanol as described previously and refluxed for 1 h in approximately 250 mL of boiling NDF solution (Midland Scientific) with 1 g of NaSO 3 added. Bags were then machine washed as described above and dried for 48 h at 60°C in a forced-air oven to determine 22-h NDF digestibility.
Ruminal pH was measured using submersible pH electrodes (Sensorex, Scranton, CA). Rumen pH electrodes were fitted through the rumen cannula and extended approximately 40 cm into the rumen under the mat layer. Feed intake data were collected by suspending feedbunks from load cells (Omega, Stamford, CT). Activity at the feed bunk was apparent by changes in the readings from the load cells, and a meal was considered completed when there was a period of at least 10 min with no activity at the bunk. Data for rumen pH and feed intake were collected using a computer and software (Labtech, Wilmington, MA) that collected readings every 20 s and averaged the 3 readings for each min (Cooper et al., 2002b) . Therefore, approximately 1,480 data points were collected daily for rumen pH and feed intake.
For particle size determination of DRC, HMC, SFC, WDGS, and corn bran, United States Bureau of Standards sieves #1 (9,500 µm screen opening), #3 (6,300 µm), #4 (4,760 µm), #6 (3,360 µm), #12 (1,680 µm), #30 (590 µm), and #70 (212 µm) were placed on a Fritsch Analysette wet sieving device (model 8751, IdarOberstein, Germany). Approximately 30 g (DM basis) of sample was evenly distributed onto the top screen, and the cap was placed onto the device. A 5-min period of vibration and water spray was used to move the particles down through the screens. Particles retained on each screen were cleaned onto preweighed filter paper and dried for 48 h at 60°C in a forced-air oven. Particle size geometric mean diameter (GMD) and geometric SD were calculated by the methods of Behnke (1994) . Particles retained on sieve #1 were considered to have a GMD of Log(9,500 µm × 12,500 µm) 0.5 , and particles passing through sieve #70 were considered to have a GMD of Log(212 µm × 105 µm) 0.5 . Data were analyzed as a 6-period crossover design using the MIXED procedure of SAS. Period, period within WDGS group, corn processing method, WDGS level, and corn processing method × WDGS level were included in the model as fixed effects, and the random effects were steer and steer × WDGS level. When no corn processing method × WDGS inclusion level interaction was present (P ≥ 0.10), the interaction term was removed from the model and the main effects were analyzed. A repeated measures analysis was used for VFA concentrations with hour repeated and for rumen pH and intake pattern data with day repeated. An autoregressive-1 covariance structure was used.
RESULTS AND DISCUSSION

Exp. 1
Feedlot Performance Data. An interaction (P ≤ 0.04) between corn processing method and WDGS inclusion level was observed for shrunk final BW, carcass adjusted final BW, ADG, and G:F (Table 2) . In response to increasing WDGS level, shrunk final BW, carcass adjusted final BW, and ADG increased linearly in DRC-based diets (P < 0.10), increased (P < 0.10) quadratically in HMC-based diets, and responded quadratically in SFC-based (P < 0.05) diets with steers fed 15% WDGS having the greatest ADG within SFCbased diets. Dry matter intake was different (P < 0.01) among all corn processing methods, with steers fed DRC having the greatest and steers fed SFC having the least DMI. A quadratic (P < 0.01) decrease in DMI was observed across all corn processing methods in response to increasing WDGS level. Linear increases in G:F were observed in response to increasing WDGS level in DRC-based (P < 0.01) and HMC-based (P < 0.05) diets, but no linear or quadratic effects were observed in SFC-based diets (P = 0.52).
Within diets containing 0% WDGS, ADG was similar among corn processing methods in our experiment. Other researchers have observed greater ADG in steers fed SFC-based diets when compared with those fed DRC-or HMC-based diets (Huck et al., 1998; Cooper et al., 2002a) . May (2008) also reported an interaction for ADG when including sorghum WDGS in SFC and DRC diets, where ADG increased in DRC diets and decreased in SFC diets with increasing WDGS level. The observation of a quadratic response in DMI with increasing WDGS level in this experiment was similar to the results observed by Vander Pol (2006) where DMI responded quadratically in steers fed diets based on a 1:1 mixture of DRC and HMC with increasing levels of corn WDGS. In diets containing no WDGS, G:F was greater in SFC-based diets compared with HMC-and DRC-based diets (Huck et al., 1998; Cooper et al., 2002a) . However, Vander Pol et al. (2008) reported that for steers consuming diets containing 30% corn WDGS, G:F was greater in steers fed a diet based on HMC and similar in steers fed diets based on DRC or a 1:1 mixture of DRC and HMC, when compared with steers fed a diet based on SFC. These results are similar to our results for steers fed diets containing the 2 greatest levels of WDGS. Other studies comparing the effects of corn processing method with different levels of distillers grains have focused on the comparison between DRC and SFC, and results have been inconsistent. May (2008) reported that as level of sorghum WDGS increased, G:F increased in DRC-based diets, but decreased in SFC-based diets. In their study, G:F was greater in steers fed SFC and 0% WDGS when compared with steers fed DRC and 0% WDGS, but G:F was similar between the 2 corn processing methods when 10 to 30% WDGS was included in the diets.
There are several possible explanations for the differences in the effects of corn processing method and distillers grains inclusion level in these experiments. The composition of the control ration may have played a role because May (2008) included 2.2% vegetable oil in the control rations. In contrast, diets containing 0% WDGS in the current experiment did not include any supplemental fat. Therefore, some of the response to WDGS in our experiment was likely due to additional energy supplied by fat in the WDGS (Vander Pol et al., 2009) . Roughage source and level likely did not produce any relative differences in results of experiments examining the corn processing method × WDGS inclusion level interaction because May (2008) reported a 7.1% improvement in G:F in DRC-and SFC-based diets containing 25% corn WDGS when corn silage level was reduced from 15 to 5% in diets containing corn WDGS.
Carcass Data. An interaction between corn processing method and WDGS inclusion level (P ≤ 0.08; Table 2 ) was observed for HCW, dressing percentage, 12th-rib fat thickness, KPH, USDA yield grade, and percentage of steers with abscessed livers. Because final BW and ADG were calculated based on HCW, the interaction between corn processing method and WDGS level for HCW was similar to that observed for final BW and ADG. Hot carcass weight improved linearly (P < 0.01) for steers fed DRC and quadratically for steers fed HMC (P < 0.10) and SFC (P < 0.05) as WDGS level increased. Dressing percentage of steers fed DRC increased linearly (P < 0.05) with increasing WDGS inclusion level. Fat thickness at the 12th rib increased (P < 0.05) linearly in steers fed DRC and quadratically in steers fed SFC as WDGS level increased. Marbling score was greater (P = 0.04) in DRC-fed steers than SFC-fed steers, and there was a quadratic (P < 0.01) effect of WDGS level on marbling score among corn processing methods with the greatest marbling scores Final BW shrunk 4%.
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Linear effect of WDGS within dry-rolled corn (DRC; P < 0.10).
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Quadratic effect of WDGS within high-moisture corn (HMC; P < 0.10).
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Quadratic effect of WDGS within steam-flaked corn (SFC; P < 0.01).
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Calculated from HCW, adjusted to a common dressing percentage of 63.
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Linear effect of WDGS within DRC (P < 0.01).
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Quadratic effect of WDGS within SFC (P < 0.05).
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Quadratic effect of WDGS across all corn processing methods (P < 0.01).
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Quadratic effect of WDGS within HMC (P < 0.05).
11
Linear effect of WDGS within HMC (P < 0.05).
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Linear effect of WDGS within DRC (P < 0.05).
13 400 = Slight 0; 500 = Small 0.
14 Quadratic effect of WDGS within SFC (P < 0.10).
observed when 15 and 27.5% WDGS was fed. A quadratic (P < 0.10) effect of WDGS level on KPH was observed for steers fed SFC-based diets, but no effect of WDGS level was observed in steers fed diets containing DRC or HMC. Linear (P < 0.10) and quadratic (P < 0.05) increases in yield grade were observed in response to increasing WDGS level when steers were fed DRC-and SFC-based diets, respectively. Inclusion level of WDGS also affected the percentage of steers with liver abscesses quadratically when diets based on HMC (P < 0.10) and SFC (P < 0.05) were fed. In steers fed HMC-based diets, the percentage of steers with liver abscesses was similar (10 to 13.1%) in diets containing 0.0, 15.0, or 40.0% WDGS, but was 0% in steers fed 27.5% WDGS. In steers fed SFC-based diets, the percentage of steers with liver abscesses was the greatest in steers fed 0% WDGS (21.1%) and was less (2.5 to 5.0%) in diets containing 15 to 40% WDGS. May (2008) also observed an interaction between processing method and sorghum WDGS inclusion level for HCW; carcass weights increased in steers fed DRCbased diets and decreased in steers fed SFC-based diets as WDGS level increased. Carcass characteristics in the current study indicate that the degree of carcass fatness corresponds with feedlot performance data. Linear and quadratic increases in 12th-rib fat thickness and yield grade were observed in steers fed DRC-and SFC-based diets and correspond to increases in ADG. The quadratic improvement in marbling observed with increasing WDGS level was also likely due to increases in ADG.
Exp. 2 Effects of Corn Processing Method and WDGS Level on Intake and Apparent Total Tract Digestibility.
No corn processing method × WDGS level interaction was observed (P ≥ 0.42) for intake or apparent total tract digestibility of any variable measured in this experiment (Table 3) . No differences between corn processing methods were observed for intake and apparent total tract digestibility of DM and OM (P ≥ 0.25), which agrees with the observations of Galyean et al. (1976) . In contrast, Cooper et al. (2002b) reported greater intake of DM and OM in steers fed HMC than those fed DRC or SFC, and DM and OM apparent total tract digestibility was less in steers fed DRC than those fed HMC or SFC. In the current experiment, steers fed HMC had numerically less DMI, and this was likely the cause of reduced (P ≤ 0.05) NDF intake for steers fed HMC compared with steers fed DRC and SFC. Apparent total tract digestibilities of NDF (P = 0.80) and intakes of starch (P = 0.24) and ether extract (P = 0.17) were not different among corn processing methods. Apparent total tract digestibility of starch was greater (P < 0.01) in steers fed SFC compared with steers fed DRC or HMC, and apparent total tract digestibility of ether extract was greater (P < 0.01) in steers fed HMC than steers fed DRC. It is not clear why apparent total tract ether extract digestibility was greater in steers fed HMC. Greater apparent total tract starch digestibility in steers fed SFC compared with steers fed DRC was expected because Galyean et al. (1976) and Cooper et al. (2002b) reported similar results. In the current experiment, apparent total tract starch digestibility of HMC was similar to DRC and less than SFC. Galyean et al. (1976) and Cooper et al. (2002b) reported that apparent total tract starch digestibility of HMC was greater than DRC and was not different from SFC.
Greater intakes of DM (P = 0.01) and OM (P = 0.02) were observed when 40% WDGS was included in the diets. Apparent total tract digestibility of DM (P = 0.08) and OM (P = 0.05) was less when 40% WDGS was included in the diet. May (2008) also reported a reduction in total tract OM digestibility when 25% corn DDGS was included in DRC and SFC based diets. Given the difference in average digestibility of NDF (49.2%) and starch (96.9%) observed in this experiment, the reductions in digestibility of DM and OM when WDGS replaced corn in the diet are not surprising. The increase in intake observed when 40% WDGS was included in the diet may have also increased passage rate and decreased digestibility. Greater (P < 0.01) intake of NDF and ether extract and less (P < 0.01) intake of starch in steers fed 40% WDGS is a reflection of the composition of the diets. Apparent total tract digestibility of NDF (P = 0.72) and starch (P = 0.92) was not different when steers were fed 0 or 40% WDGS. Digestibility of ether extract was 3.4% greater in steers fed 40% WDGS, and this difference was approaching significance (P = 0.11). Vander Pol et al. (2009) observed an increase in ether extract digestibility when diets included 40% WDGS compared with a control with or without added fat. In contrast, May (2008) observed a reduction (P < 0.01) in apparent total tract ether extract digestibility in diets containing 25% DDGS (DM basis) when compared with controls with 2.2% (DM basis) added vegetable oil.
Effects of Corn Processing Method and WDGS Inclusion Level on Intake Patterns.
No effects of corn processing method, WDGS inclusion level, or corn processing method × WDGS inclusion level were observed for meals eaten per day, time spent eating per meal, or meal size (P > 0.21; Table 4 ). An interaction between corn processing method and WDGS inclusion level was observed for time spent eating per day (P = 0.08). Steers fed 0% WDGS and DRC spent less (P < 0.01) time eating per day than steers fed any other diet, and steers fed 0% WDGS and HMC spent less (P < 0.01) time eating per day than steers fed 40% WDGS and SFC.
Effects of Corn Processing Method and WDGS Inclusion Level on Rumen pH.
No corn processing method × WDGS inclusion level interaction was observed for rumen pH variables (P ≥ 0.31; Table  5 ). Minimum rumen pH was less (P < 0.01) in steers fed SFC compared with steers fed DRC or HMC, and maximum pH was greater (P < 0.10) in steers fed SFC or HMC compared with steers fed DRC. The pH change was greater in steers fed SFC compared with those fed DRC (P < 0.05). The variance of the pH was greatest in steers fed SFC, least in steers fed DRC, and intermediate in steers fed HMC (P < 0.10). Time below pH 5.3 was greater in steers fed SFC than steers fed DRC or HMC (P < 0.10), and time below pH 5.0 was greater in steers fed SFC compared with steers fed DRC (P < 0.05). Maximum rumen pH (P = 0.08) and pH variance (P = 0.06) were less in steers fed 40% WDGS compared with those fed 0% WDGS.
Because 22-h in situ ruminal starch digestibility in this experiment was greater for HMC and SFC, a reduced ruminal pH would be expected in steers fed those diets. However, steers fed SFC had the least minimum ruminal pH, steers fed HMC or SFC had a greater maximum ruminal pH, and average ruminal pH was not different among corn processing treatments. Results from Galyean et al. (1976) and Coe et al. (1999) indicate greater ruminal pH with increased NDF in the diet. Therefore, ruminal pH should be greater when a greater amount of NDF is included in diets. However, Oliveros et al. (1989) observed decreases in ruminal pH in brome hay diets with added corn bran that were similar to those achieved with the addition of corn. Moreover, Vander Pol et al. (2009) reported that ruminal pH was numerically less in steers fed 40% WDGS than steers fed a DRC-based control diet.
Particle Size Distribution. Particle size distribution data for unmasticated and masticated corn samples as well as for WDGS and corn bran samples are presented in Table 6 . Particle size distribution data for unmasticated corn samples are included to demonstrate the particle size reduction associated with mastication of corn processed by each method. Of the samples that were evaluated in the in situ experiment, the GMD was smallest for masticated SFC and WDGS and largest for masticated DRC, with corn bran and masticated HMC being intermediate (P < 0.01). As would be expected, particle size appeared to be associated with in situ washout. Macken et al. (2006) observed reductions in particle size after mastication of DRC, HMC, and SFC that were similar to those in this study. a-c Means within a row lacking a common superscript differ (P < 0.01).
1 P-value for the effect of corn processing method × WDGS inclusion level. Corn processing means with unlike superscripts differ (P < 0.01).
c,d
Corn processing means with unlike superscripts differ (P ≤ 0.05).
1
Corn processing method × WDGS inclusion level interaction (P ≥ 0.42).
Effects of Corn Processing Method and WDGS Inclusion Level on 22-h In Situ Digestibility.
A corn processing method × sample type interaction (P < 0.01; Table 7 ) was observed for 22-h in situ DM digestibility. Dry matter digestibility of DRC (P < 0.01) and HMC (P < 0.10) were greater in DRCbased diets compared with HMC-and SFC-based diets. Dry matter digestibility of SFC, WDGS, and corn bran was not affected by corn processing method. Dry matter digestibility of all samples were different within diets based on DRC (P < 0.10), HMC (P < 0.05), or SFC (P < 0.05). Within each processing method, DM digestibility was greatest for SFC, followed by HMC, WDGS, DRC, and corn bran, respectively. A corn processing method × sample type interaction (P < 0.01; Table 8 ) was also observed for 22-h in situ starch digestibility. Starch digestibility of DRC was greater (P < 0.01) in steers fed DRC-based diets than those fed HMC-or SFC-based diets. When steers were fed diets based on DRC (P < 0.10) and HMC (P < 0.05), starch digestibility was greatest for HMC and least for DRC, with SFC being intermediate. When steers were fed SFC-based diets, starch digestibility was less (P < 0.01) for DRC than HMC or SFC. Digestibility of NDF from WDGS and bran were not different among corn processing methods (P = 0.94; Table 9 ).
Harrelson et al. (2009) and Luebbe et al. (2009) examined the effects of in situ DM and starch digestibility of DRC and HMC in steers fed a DRC-based diet containing 20% wet corn gluten feed. Similar to our results, both of these studies demonstrated that ruminal in situ DM and starch digestibilities were greater for HMC samples than DRC samples. In studies measuring in vivo ruminal digestion of starch, Galyean et al. (1976) observed ruminal starch digestibilities of 77.8, 89.3, and 82.9% for DRC, HMC, and SFC, respectively, and Cooper et al. (2002b) observed ruminal starch digestibilities of 76.2, 91.7, and 89.6% for DRC, HMC, and SFC, respectively. Similar to our results, Cooper et al. (2002a) found that in situ starch digestibility of DRC was less than that of HMC and SFC.
A WDGS inclusion level × sample type interaction (P < 0.01; Table 7 ) was also observed for 22-h in situ DM digestibility. Digestibility of DRC (P < 0.01) and Corn processing means within row lacking a common superscript differ (P < 0.01).
Corn processing means within row lacking a common superscript differ (P < 0.05).
e-g
Corn processing means within row lacking a common superscript differ (P < 0.10). 1 Corn processing method × WDGS inclusion level interaction (P ≥ 0.31). Means within a row with unlike superscripts differ (P < 0.10).
1
Values represent % of sample retained on screen.
2 GMD = geometric mean diameter.
3 GSD = geometric SD.
Corn processing and wet distillers grains SFC (P = 0.01) DM was greater when steers were fed 40% WDGS. In steers fed 0% WDGS, values for DM digestibility were as follows: SFC and HMC > WDGS > DRC > corn bran (P < 0.01). When steers were fed 40% WDGS, values for in situ DM digestibility were as follows: SFC > HMC > WDGS > DRC > corn bran (P < 0.01). In situ starch digestibility of DRC was greater (P < 0.01; Table 8 ), and in situ NDF digestibility of WDGS and corn bran was greater (P = 0.07; Table 9 ) in steers fed 40% WDGS. Inclusion of WDGS in the diet in the current experiment increased 22-h in situ NDF digestibility, although this difference was not observed in total tract NDF digestibility. It is not clear why inclusion of WDGS would increase in situ DM digestibility of DRC and SFC, in situ starch digestibility of DRC, and in situ NDF digestibility of WDGS and corn bran. Because of less ruminal digestibility of CP (<30%; NRC 1996) from distillers grains, the NRC (1996) model often predicts a degradable intake protein deficiency in finishing diets containing distillers grains. This may be expected to negatively affect ruminal digestion because it has been reported that the addition of 25% corn dried distillers grains plus solubles to SFC-and DRC-based diets decreased ruminal ammonia concentrations (May, 2008) . To address predicted degradable intake protein deficiencies in DRC-based diets, Vander Pol (2006) added urea to diets containing 10 and 20% DDG and found that G:F was not improved. Given that Vander Pol (2006) observed increases in blood urea-N, it could be that urea recycling to the rumen is sufficient in diets containing distillers grains. Although diets based on HMC and SFC may require more degraded intake protein than those based on DRC (Cooper et al., 2002a) , Means within a column lacking a common superscript differ (P < 0.01).
f-j
Means within a column lacking a common superscript differ (P < 0.05).
Means within a column lacking a common superscript differ (P < 0.10).
w,x
Corn processing method means within a row lacking a common superscript differ (P < 0.01).
y,z
Corn processing method means within a row lacking a common superscript differ (P < 0.10).
Effect of corn processing method × WDGS inclusion level (P = 0.67), effect of corn processing method × sample type (P < 0.01), effect of WDGS inclusion level × sample type (P < 0.01), and effect of corn processing method × WDGS inclusion level × sample type (P = 0.18). Means within a column lacking a common superscript differ (P < 0.01).
c-e
f-h
i,j
Corn processing method means within a row lacking a common superscript differ (P < 0.01). 1 Effect of corn processing method × WDGS inclusion level (P = 0.49), effect of corn processing method × sample type (P < 0.01), effect of WDGS inclusion level × sample type (P < 0.06), and effect of corn processing method × WDGS inclusion level × sample type (P = 0.12).
2 DRC = dry-rolled corn; HMC = high-moisture corn; and SFC = steam-flaked corn.
we observed no corn processing method × WDGS inclusion level interaction for in situ digestibility in the current experiment. Effects of Corn Processing Method and WDGS Inclusion Level on Ruminal VFA Concentrations. Due to the difficulty in interpreting several of the higher order interactions, only the simple effects of corn processing method and WDGS level are presented for molar proportions of ruminal acetate, propionate, total ruminal concentration, and acetate:propionate ratio of VFA in Table 10 . Molar proportions of ruminal acetate were not affected by corn processing method (P = 0.20), WDGS level (P = 0.13), or the interaction between corn processing method and WDGS level (P = 0.73). There was an effect of time on molar proportion of ruminal acetate with molar proportions being greatest 3 h after feeding and declining from 6 to 15 h after feeding. A corn processing method × WDGS level interaction (P = 0.01) was observed for molar proportions of ruminal propionate. Steers fed DRC-or HMC-based diets containing 0% WDGS had overall less molar proportions of ruminal propionate (P < 0.05) than those fed any other treatment. Molar proportions of ruminal propionate were similar among steers fed SFC-based diets containing 0% WDGS or DRC-, HMC-, or SFC-based diets containing 40% WDGS. No effect of corn processing method (P = 0.77), WDGS level (P = 0.68), or the interaction between corn processing method and WDGS level (P = 0.49) was observed for total ruminal VFA concentrations. An effect of hour (P < 0.01), and corn processing method × hour (P < 0.01) and corn processing method × WDGS level × hour (P = 0.03) interactions were observed for total ruminal VFA concentration. A corn processing method × WDGS inclusion level interaction for acetate to propionate ratio (A:P) existed (P = 0.09). Within diets containing 0% WDGS, A:P was less (P < 0.10) in steers fed SFC compared with steers fed DRC or HMC. A marked increase in molar proportions of ruminal propionate was observed when 40% WDGS was added to the DRC-and HMC-based diet, and this led to the A:P of the 40% WDGS DRC and 40% WDGS HMC diets being similar to that of 0% WDGS SFC and 40% WDGS SFC diets.
Effects of WDGS on ruminal pH may have played a role in treatment differences in A:P as Russell (1998) reported that approximately 25% of the change in A:P is due to ruminal pH. Coe et al. (1999) reported that as proportion of cereal grains in the diet increased, ruminal acetate concentrations decreased and ruminal propionate concentration increased. Similar results were observed by Lana et al. (1998) , in that A:P was decreased in steers as a greater proportion of DRC replaced timothy hay in the diet. Due to the greater NDF content of WDGS compared with corn, it might be expected that A:P would increase in response to addition of WDGS to the diet. In support of this, Ham et al. (1994) reported a numerical increase in A:P when 40% wet distillers grains without solubles was added to DRC-based diets; however, the addition of 20% unevaporated distillers solubles to the DRC-based diet decreased A:P. May (2008) reported that adding 25% corn DDGS in DRC and SFC diets decreased ruminal acetate concentration 14 and 22 h postfeeding, ruminal propionate concentration 20 and 22 h postfeeding, and total VFA concentration 0, 14, and 22 h postfeeding. Effect of corn processing method × WDGS inclusion level (P = 0.97), effect of corn processing method × sample type (P = 0.31), effect of WDGS inclusion level × sample type (P = 0.78), and effect of corn processing method × WDGS inclusion level × sample type (P = 0.71).
2 DRC = dry-rolled corn; HMC = high-moisture corn; and SFC = steam-flaked corn. Means lacking a common superscript differ (P < 0.05).
Means lacking a common superscript differ (P < 0.10).
1 DRC = dry-rolled corn; HMC = high-moisture corn; and SFC = steam-flaked corn.
2 P-value for the effect of corn processing method × WDGS inclusion level.
Corn processing and wet distillers grains May (2008) also reported that A:P was not affected by inclusion of DDGS in the diet. Based on these data, an interaction between corn processing method and WDGS inclusion level in finishing steer diets exists. Results from the metabolism experiment (Exp. 2) do not fully explain the interaction observed in the finishing experiment (Exp. 1). Differences in acetate and propionate production likely played a significant role, but it is possible that several factors are responsible for the interaction observed between corn processing methods and dietary concentration of WDGS in finishing cattle performance.
